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Abstract: Acute mesenteric ischemia (AMI) defines a complex of conditions characterized by an 
interruption of the splanchnic circulation, leading to insufficient oxygen delivery or utilization to fill the 
metabolic needs of the visceral organs. Early diagnosis and immediate therapy are the cornerstones of 
early ischemia to reach a successful outcome and are necessary to reduce the high mortality. Although 
there is still lack of specific biomarkers to assist the diagnosis of AMI in clinical practice, there are several 
biomarkers with high specificity, may become a potential tools in early diagnosis of AMI, including intestinal 
fatty acid binding protein (I-FABP), a-glutathione S-transferase (a-GST), D-dimer, L- and D-lactate, 
citrulline, ischemia modified albumin, procalcitonin (PCT). However, they use in clinical limited duo to the 
many studies about these makers finished with small patient populations, and heterogeneous among these 
populations. This review describes the etiology of AMI, the current most studied promising biomarkers, the 
current research situation and future of biomarker research.
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Introduction

Acute mesenteric ischemia (AMI) is a rare but still remains 
a major challenge in diagnosis and treatment of most 
abdominal emergency, which caused by insufficient oxygen 
delivery or utilization to fill the metabolic needs of the 
visceral organs. Two main pathophysiological mechanisms 
may lead to mesenteric ischemia: acute thromboembolic 
occlusion in the arteries or veins of the gastrointestinal 
tract, or non-occlusive mesenteric ischemia (NOMI) 
reduced blood flow from cardiac insufficiency, shock states, 
major surgery, increased intra-abdominal pressure, trauma, 
atrial fibrillation, renal insufficiency, and sepsis (1-3)  
(Table 1). Though there are still no specific diagnostic 
biomarkers for AMI, occlusive mesenteric ischemia is quite 
easier to diagnosis with high specific computed tomography 
angiography (CTA). However, it is being tough to obtain 
the definitive diagnosis of NOMI, which compromises 

20–30% of all cases of AMI (8), in clinical practice there has 
neither specific makers nor radiology test, especially in early 
stage. In this review, we provide an overview of the etiology 
of AMI, review the current research situation and future 
of biomarker research，aim to find the most promising 
biomarkers.

Mesenteric circulation and pathophysiology of 
AMI

The splanchnic circulation encompasses macro- and micro- 
vascular perfusion. 

The macrovascular consist of three main arteries, 
including celiac artery (CA), superior mesenteric artery 
(SMA) (9), and inferior mesenteric artery (IMA) (10), 
and numerous collaterals. Normally at a state of rest, the 
splanchnic circulation accepts approximately 25% cardiac 
outputs while in a postprandial state demand an additional 
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Table 1 Causing factors and clinical presentation of acute mesenteric ischemia

Category Causing factors (4) Clinical presentations

Occlusive mesenteric 
ischemia

Arterial embolus (50%) (5,6) Abdominal pain (95%) (7)

Cardiac disease

Atrial fibrillation

Recent myocardial infarction

Congestive cardiac failure Nausea (44%) (7)

Infective endocarditis

Thromboembolism from aorta

Digitalis therapy

Mesenteric arterial thrombosis (15–25%) (5,6) Diarrhea (35%) (7)

Pre-exiting atherosclerosis lesion

Aortic dissection

Mesenteric venous thrombosis (5–15%) (5,6)

Antithrombin III deficiency Vomiting (35%) (7)

Prothrombotic states

Factor V Leiden 

Protein S deficiency

Pregnancy Low gastrointestinal bleeding 
(16%) (7)

Protein C deficiency 

Antiphospholipid antibodies 

Essential thrombocythemia

Oral contraceptive use Abdominal distention

Hyperhomocysteinemia

Neoplasms 

Pancreatitis

Paroxysmal nocturnal hemoglobinuria Fever

sepsis

Peritonitis and intraabdominal 

Inflammatory bowel disease 

Cirrhosis and portal hypertension Tachycardia

Diverticulitis, Postoperative state 

Abdominal operations

Chronic renal failure

NOMI (20–30%) (8) Hemodynamic instability Tachypnoea

Hypovolemia, Sepsis, Shock

Use of vasopressors

Critically ill patients, renal insufficiency
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10%. The CA, SMA and IMA have a diameter of 6, 7 and 
1 mm respectively, thus, an IMA occlusion would reduce 
the total mesenteric vessel surface by only 4%, whereas 
stenosis of CA and SMA would reduce this by70% and 
87%, respectively (1). So, it is widely considered the SMA 
is the most important of the mesenteric arteries in occlusive 
mesenteric ischemia.

The microvascular perfusion is including larger 
arteries on the serosal side, large networks of vessels 
in the outer layers (submucosal, muscular and serosal 
layers) and a central arteriole with surrounding venules. 
With a high metabolic demand, the mucosal layer 
receives more than two-thirds of the bowel wall blood 
flow (11,12). The countercurrent organization of the 
villus is capable of effectively autoregulation of the 
blood flow and maintains a constant level of oxygen 
uptake. To maintain circulatory homeostasis with enough 
oxygen levels in the circumstance of considerable vary 
mesenteric blood flow, oxygen exchange depends on the 
capacity of the villi to increase extraction and recruit 
additional capillary beds.

In circumstances of malperfusion or shock, arterial 
shunting would happen because of the prolonged circulation 
transit time across the villi (13). With prolonged ischemic 
insult or reperfusion injury, the countercurrent exchange 
intensifies injury to the villus-crypt axis, resulting in cellular 
dysfunction and cell death occurring initially at the mucosal 
villous tip. If malperfusion persist for longer periods, 
resulting in the degenerate or slough of mucosal barrier 
is beginning. Accompanying this process is intravascular 
hemoconcentration, leukocyte plugging, vasomotor 
dysfunction, and capillary narrowing, all of which lead to 
endothelial swelling and microvascular thrombosis, then 
followed by increased intestinal permeability, bacterial 
translocation, bacterial overgrowth due to infection, 
mesenteric infarction. 

Due to these pathological processes of mucosal layer, it 
is obvious that the villus, the outermost layers are notably 
sensitive to ischemic damage. Consequently, ischemia 
damage starts from the mucosa and extends towards the 
serosa. In contrast, ischemic damage to the muscular and 
serosal layers is a late event in severe ischemia. However, 
intestinal mucosal ischemic injury is often not serious 
and reversible, but transmural injury often leads to 
inflammation, necrosis, sepsis and multiple organ failure 
(5,14). And it takes about 4 h to mucosal ischemic damage 
become critical, and cause transmural damage and necrosis 
(15,16). So mucosal layer should be the focus of early 

diagnostic test for immediate therapy for early ischemia to 
reach a successful outcome (1,17,18).

Clinical features and diagnosis of AMI

The clinical symptoms often associated with AMI 
including mild but sudden pain (median of 24 h duration) 
mostly out of proportion to physical examination, 
diarrhea, low gastrointestinal bleeding, abdominal 
distention with vomiting, nausea, fever, tachycardia, and 
tachypnoea, are not specific enough to differentiate AMI 
with other abdominal diseases (7,19). In a Swedish study, 
acute abdominal pain is the most common diagnoses in  
2,222 patients, based on computed tomography (CT), 
were nonspecific abdominal pain (44%), and only 11 
patients (0.5%) had AMI (20). At present, the diagnosis 
of AMI in clinical mostly achieved by a high degree 
of clinical suspicion after ruling out the other acute 
abdominal diseases and a prompt confirmation by an 
abdominal CTA, with a 95% to 100% accuracy (21), up 
to 95% specificity and sensitivity (22), CTA has become 
the most appropriate and recommended method of 
imaging for the diagnostic test, especially for the acute 
thromboembolic occlusion, in which the blockade of 
mesenteric blood flow is quite clear and much easy to 
make the diagnosis. The laboratory tests still mostly rely 
on the conventional non-specific biological markers of 
thrombosis, hypoxia inflammation, infection and some 
other parameters for laboratory assessment of AMI, 
include evaluation of white blood cell count, physiologic 
acid-base status (increased anion gap, pH, base excess), 
alanine aminotransferase , aspartate aminotransferase, 
lactic acidosis, alkaline phosphatase, and amylase levels, 
however, all of them are not specific enough to diagnose 
ischemia or sensitivity enough to rule out the disease. 
Besides, these inflammation laboratory markers increasing 
or decreasing significantly, mostly may indicate the 
progression of the disease to bowel necrosis (23).

The importance of early diagnosis of AMI

The diagnosis of AMI is often challenging in acute 
abdominal pain patients, and diagnostic uncertainty may 
ultimately require surgical explorations for an accurate 
assessment of the bowel. The severity of ischemia depends 
on the affected vessel, the extent of collateral-vessel blood 
flow and the time of duration. When observed the clinical 
signs of AMI, such as peritonitis, at physical examination 
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indicate a strong probability of irreversible intestinal 
ischemia with bowel necrosis (24). In other word, delayed 
diagnosis leads to intestinal necrosis and even multiple 
organ failure. In a large multicenter study of 780 ICU 
patients with AMI, the overall mortality rate was 58% (25).  
The same data was also observed by others that the 
mortality of AMI ranged from 60% to 80% (23,26-28). The 
increase of the mortality is mostly because of the delay in 
diagnosis and treatment (5).

The main challenging risk of mesenteric ischemia 
is transmural infarction, which is mostly irreversible, 
leading to intestinal wall perforation, sepsis and death 
(29,30) .  Early  diagnosis  and t imely intervention 
are therefore key factors to improving the clinical 
ou tcomes  o f  pa t i en t s  w i th  AMI .  Now,  surg i ca l 
management is the most common treatment for most 
of the AMI being diagnosed in the late stage (22),  
which require prompt surgery to resect nonviable  
intestine (31). However, the ischemia is potentially fully 
reversible if the mesenteric arterial revascularization, a 
specific management of AMI, is done in the early period 
of AMI, when there is no sign of transmural infarction 
(5,6,32,33). Also, in the initial stages of NOMI when 
bowel wall ischemia is partial, surgical treatment is not  
indicated (34). However, many laboratory indexes were 
tested for their values to early diagnosis of mesenteric 
ischemia, unfortunately, most of the studied biomarkers 
appeared when the AMI developed to the late stage, such 
as Lactic acidosis (10,35).

Besides, even high-tech diagnostic equipment, such 
as computerized tomographic angiography (CTA), can 
sometimes miss acute occlusive intestinal ischemia, 
radiological findings are often less specific (2,36-38). 
Due to the lack of specific diagnostic sign, scanning test 
or biomarker, it still remains a challenge to the selection 
of patients requiring CTA evaluation in the early stage 
of AMI. Also, misdiagnosed cases may occur in CTA 
examination (30,38). In intensive care unit, most of the 
critically ill patients suffered from sepsis, shock or use of 
vasoconstrictive medication eventually induce NOMI, and 
duo to the patients under mechanical ventilation or not easy 
to move because of the severe condition, they may not able 
to do CTA examination. 

As a whole, it’s emphasizing the importance of early and 
reliable diagnosis. So, there is a great need for a plasma 
biomarker, which would be best if its tissue specific, 
metabolic stable from intestine to peripheral blood with 
high specificity and sensitivity to AMI.

Most promising biomarkers

In the past decades, there are several most promising 
biomarkers, including Intestinal fatty acid binding protein 
(I-FABP), a-glutathione S-transferase (a-GST), D-dimer,  
L- and D-lactate, citrulline, ischemia modified albumin (10),  
procalcitonin (PCT), being studied for diagnosis of 
intestinal ischemia (Table 2). These makers are in relation 
with the intestinal mucosal layer, including the gut barrier 
dysfunction, the villi injury and the enterocyte mass, so they 
may the best candidate markers for early diagnosis of AMI.

I-FABP

I-FABP is a most studied plasma marker, released by mature 
enterocytes—situated at the tips of the intestinal mucosal 
villi—upon intestinal ischemia, has high value to diagnose 
mucosal damage with high tissue-specificity (7,45,46). 
I-FABP is a 15-kDa soluble protein, rapidly released into 
the blood circulation upon mucosal damage and is cleared 
via the urine, allowing both serum and urine available to 
test it (47). In physiological conditions, I-FABP is present 
in very small amounts in peripheral circulation, but levels 
rise rapidly after enterocyte necrosis and inflammation (48).  
A recent meta-analysis on the accuracy of circulating 
I-FABP for the diagnosis of AMI showing that a pooled 
sensitivity of 80% (95% CI: 72–86%) for serum I-FABP, a 
pooled specificity of 85% (95% CI: 73–93%), and an area 
under the ROC curve of 86% (95% CI: 83–89%) in the 
diagnosis of AMI (39). Another study in The Netherlands 
showed quite high sensitivity and specificity of 90% and 
89%, respectively, for urinary I-FABP in detecting early 
mesenteric ischemia (40,43). However, one recent study 
reported that there is no significant difference in I-FABP 
concentrations for mucosal and transmural ischemia (15).

a-GST

a-GST is a detoxifying enzyme, involved in the detoxification 
and conjugation of endo and xenobiotics into glutathione, 
which is also released by mature enterocytes on intestinal 
mucosa and liver, and has potential value to diagnose early 
AMI (41,45,46,49). In these two analyses reported by Cudnik 
et al. (22) and Evennett et al. (41) showed that a-GST has a 
pooled sensitivity and specificity of 68% (95% CI: 55–80%) 
and of 85% (95% CI: 76–92%), respectively. However, 
in non-specific hypotensive patients with multiple organ 
failures, a-GST also increases (43).
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Table 2 Overview of reported serological markers for human mesenteric ischemia

Biomarkers Release site or active site Sensitivity (95% CI) Specificity (95% CI) Limitations Diagnostic 
values

I-FABP

Serum Mature enterocyte 80% (72–86%) 85% (73–93%) (39) No significant difference in I-FABP 
concentrations for mucosal and 
transmural ischemia

Early stage

Urine
90%

89% (40)

a-GST Mature enterocyte 68% (55–80%) 85% (76–92%) (22,41) a-GST also increases in non-specific 
hypotensive patients with multiple organ 
failures

Early stage

D-dimer Blood 96% 40% (22) lower specificity –

L -lactate – 96% 40% (22) Low specificity Late stage

D-lactate Bacterial fermentation in 
gastrointestinal tract

71.7% (58.6–82.5%) 74.2% (69.0–79.0%) (42) low specificity Late stage

82% 36% (43)

Citrulline Mature small bowel 
enterocyte

39% 100% (42) Low Sensitivity –

IMA – 94.7% (74.0–99.9%) 86.4% (65.1–97.1%) (42) myocardial ischemia may induce the 
elevation of plasma IMA levels

–

PCT Liver parenchyma in 
pathologic conditions

72–100% 68–91% (44) bacterial infection, sepsis and various 
types of ischemias may also increase 
PCT levels

Depend 
on the 
threshold 
values

SM-22 Smooth muscle – – fail to accurately diagnose AMI at an early 
‘‘nontransmural’’ stage

Late stage

D-dimer

D-dimer is a fibrin degradation product (or FDP), a small 
protein fragment present in the blood after a blood clot is 
degraded by fibrinolysis. D-dimers are usually increased 
either in arterial or venous occlusive forms, as well as in 
other confounding inflammatory and infectious diseases, 
including other causes of acute abdominal complaints 
(22,50,51), so it has high sensitivity for being early marker, 
but has low specificity. Cudnik et al. (22) reviewed pooled 
data from five studies estimating the diagnostic value of 
D-dimer as a biomarker for AMI. It showed a pooled high 
sensitivity of 96% and a quite lower specificity of 40%. So, 
it is accuracy raised doubt to predict early AMI (52).

L- and D-lactate

L-lactate is a ubiquitous product of glycolysis in the context 
of anaerobia. So many factors may result in increased serum 
lactate levels, thus can’t effectively differentiate intestinal 

ischemia from the other etiologies of abdominal emergencies 
or intensive care diseases (40,53,54). In a meta-analysis in 
2013 on a total of 1,970 patients, Cudnik et al. (22) showed 
that L-lactate has a good pooled sensitivity of 0.96, but low 
specificity of 0.40 to be used as diagnostic markers.

D-lactate, the stereoisomer of L-lactate, is the product 
of bacterial fermentation in the gastrointestinal tract. The 
elevation of D-lactate levels in the circulation associated 
with intestinal ischemia, increased intestinal permeability, 
bacterial translocation or bacterial overgrowth due to 
infection (9) and mesenteric infarction (55). In recent meta-
analysis showed that pooled sensitivity and specificity for 
D-lactate is 71.7% (95% CI: 58.6–82.5%) and 74.2% 
(95% CI: 69.0–79.0%), respectively (42), may reflecting 
its high value to become potential diagnostic tool for AMI. 
However, most pooled research reports good sensitivities of 
82%, but lower specificities of 36% (43). Furthermore, most 
findings discovered that elevation of L-lactate and D-lactate 
levels mostly occur in the late stage of AMI, especially 
when initiated extensive transmural necrosis, anaerobic 
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metabolism (56-60). With lower specificity, L-lactate and 
D-lactate are may not the potential candidate biomarkers to 
use for early diagnostic marker of AMI (52).

Citrulline

Citrulline is a non-proteinogenic amino acid synthesized 
from glutamine in the mitochondria of mature small bowel 
enterocytes. Citrulline is also a key intermediate in the 
urea cycle, so gut synthesis and renal elimination are the 
two main influencing factors to its plasmatic level. High 
plasmatic citrulline concentrations may cause by acute 
renal failure by decreasing renal clearance and citrulline 
transformation into arginine (61), while low plasmatic 
citrulline concentrations may see in short bowel conditions. 
Nevertheless, Citrulline is may a promising marker with 
high reported specificity (100%), in a meta-analysis which 
conducted only one study, although lower sensitivity (39%), 
and shown to be a reliable functional marker of enterocyte 
mass with short circulating half-life of 3–4 h (62-64).

Ischemia modified albumin 

Ischemia modified albumin (10) is human serum albumin, 
which has a binding site at the N-terminus for metal 
ions, such as cobalt, and incapable of binding cobalt due 
to ischemia by alterations in this binding site (65). In 
recent meta-analysis, it showed that pooled sensitivity and 
specificity for IMA was 94.7% and 86.4%, respectively (42). 
Another two studies also showed significant higher serum 
IMA levels in AMI (66,67). Noted that myocardial ischemia 
may induce the elevation of plasma IMA levels (68).

PCT 

PCT is a precursor of calcitonin and released by the C 
cells of the thyroid in healthy subjects, while in pathologic 
conditions it is known as the product of liver parenchyma 
while being stimulated by trauma, bacterial endotoxins, 
TNF-α and IL-6 or cardiogenic shock (69-71). Recent 
a systematic review by Cosse et al. (44) on five clinical 
studies with a total of 659 patients show a high sensitivity 
of 0.72–1.00 and specificity of 0.68–0.91 to diagnose AMI, 
however, it also mentioned by author that its diagnostic 
value in AMI may be affected by the presence of a bacterial 
infection, sepsis and various types of ischemias. So, it is 
used for the diagnosis of AMI might be limited by its low 
specificity.

Current research situation and future of 
biomarker research 

AMI is a l i fe-threatening condition that requires 
emergency treatment and so must be diagnosed as soon 
as possible. However, it is still tough to obtain a definitive 
early diagnosis, because current available clinical, 
radiological, and laboratory tests are not good enough 
to diagnose early, reversible stage mesenteric ischemia. 
Above those promising biomarkers showed high specificity 
and sensitivity with good tissue specific, metabolic stable 
from intestine to peripheral blood features. However, 
much of the studies about these makers finished with 
small patient populations, and it also exist heterogeneous 
among these populations. Besides, there is need for further 
research with large patient population to specify threshold 
values and accuracy standards for different aetiological 
forms. So, at present, none of these markers being perfect 
enough to be used solely. Besides there is still no available 
test or tool can differentiate a focal transmural infarction 
from an extensive nontransmural ischemia. Though 
Schellekens et al. (15), reported SM22, a smooth muscle 
biomarker, which concentration was significantly elevated 
in transmural intestinal ischemia, it also can’t be able to 
differentiate it (72).

As ischemia starts from the mucosa and progresses to 
the serosa, a mucosa-derived marker would be most useful 
for early diagnosis (52). However, duo to the intestinal 
truck lack of specific tissue different from other tissues 
and organs, so it still remains challenging to find ideal 
biomarker. So, it may be good way to study the mechanism 
of AMI on the molecule levels. In our recent study, we find 
miR-21 may regulate intestinal epithelial tight junction 
permeability and expression is unregulated during intestinal 
barrier dysfunction induced by Intestinal ischemia-
reperfusion injury (73,74).

And studying the combination outcome of several 
biomarkers rather than the use of a single marker with 
properly powered analysis, which may reflect different 
types and stages of mesenteric ischemia, is probably a better  
way to go.
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